This paper reports the cost of endovascular materials used for the treatment of large-vessel ischemic stroke in the anterior circulation according to the angiographic score and clinical results at three months. From November 2009 to July 2011 with anterior large vessel occlusion were included. Mean National Institutes of Health Stroke Scale (NIHSS) on admission was 18.4 ± 4.9. Mean duration of symptoms until the arterial puncture was 207±67 minutes. Recanalization was assessed using the Thrombolysis In Myocardial Infarction (TIMI) score. Patient selection was performed on a non-enhanced CT scanner. According to the TIMI final angiographic score and the modified Rankin score (mRS) at three months, we determined the cost of the material used. Complete (n=12, TIMI grade 3) or partial perfusion (n=35, TIMI grade 2) was achieved in 47 (82.5%) lesions. At three months, 33.3% (n=19) had a mRS score ≤ 2. The mean cost of the material used in the operative room was 5018±2402 euro.
Introduction
Stroke alone accounts for 2-5% of the total health expenditure in Western countries [1] [2] [3] . Cost-effectiveness studies concerning primary 4 and secondary prevention 5 , diagnostic testing 6 , thrombolysis [7] [8] [9] [10] [11] [12] [13] [14] [15] , rehabilitation 16 , management systems 17 and also the informal care costs of long-term care after stroke 18, 19 have been published. Few studies have explored the cost-effectiveness of mechanical thrombectomy [20] [21] [22] .
The goal of this article is to report the cost of the endovascular material used for patients presenting a stroke in the anterior circulation and treated by intra-arterial thrombolysis (IAT) or mechanical thrombectomy at our institution from November 2009 to July 2011. Angiographic and clinical results are also reported.
Material and Methods
From November 2009 to July 2011, a prospective analysis of the patients who underwent IAT and/or mechanical thrombectomy in the setting of acute ischemic stroke (AIS) in the anterior circulation was performed. Criteria for the endovascular procedure were: (1) NIHSS>7 at admission; (2) stroke attributable to a large vessel occlusion (extra or intracranial internal carotid artery, Sylvian artery up to M2); (3) stroke within the first six hours from symptoms onset; (4) clinical judgement of the stroke neurologist and interventional neuroradiologist on call. The pre-treatment imaging protocol was a non-enhanced CT scan in all cases. For each patient, we recorded: (1) the admission NIHSS;
(2) the time between symptoms and arterial puncture; (3) all the endovascular material used in the operative room; (4) the availability of general anaesthesia; (5) the final angiographic TIMI score; (6) the 90-day modified Rankin score (mRS). residual flow (TIMI grade 0) or minimal perfusion (TIMI grade 1) was observed at the end of the procedure. Nineteen (33.3%) patients had a good outcome (mRS≤2 at 3 months), 28 (49.1%) had serious disability (3≤mRS≤5) and ten (17.5%) had died (mRS=6). Of the 11 tandem lesions, nine were associated with poor clinical outcomes (mRS≤3). Comparative clinical and angiographic data, time parameters and costs between good and poor results are presented in Table 2 .
The mean cost of the material used for all the procedures was 5018±2402 euro (6936±3320 Canadian Dollars (CD); 1 CD= 0.7235 euro, average exchange rate in euro of the Paris Stock Exchange -Canada from November 2009 to July 2011 from the National Institute of Statistics and Economic Studies). The procedures with poor outcomes were more expensive (Figure 1 and Table 2 ).
Discussion
Stroke is one of the most expensive diseases in industrialized countries and health systems are encouraged to invest money in the treat-Altogether 59 consecutive patients presenting with acute stroke in the anterior circulation were treated by IAT at our institution. Two patients were excluded as no clinical data at three months were available; therefore 57 patients (mean age, 64.6 ±13.8 years; 24 women) were included in this study. The admission NIHSS was 18.4 ± 4.9. The type of occlusion and the type of endovascular material used is listed in Table 1 .
Mean delays between initial symptoms and arterial puncture or thrombus contact were three hours 27 min ± 62 min and three hours 59 min ± 60 min respectively. In 14 cases (24.5%), general anesthesia was performed, with eight minutes of supplementary average time.
We determined prospectively the type and cost of all the intra-arterial material (stroke devices, wires, catheters, femoral introducers, carotid stents, recombinant tissue plasminogen activator) used for each thrombectomy.
Results
Complete (n=12, TIMI grade 3) or partial perfusion (n=35, TIMI grade 2) was achieved in 47 (82.5%) lesions. In ten (17.5%) patients, no 25 and hospital-based series showed that intravenous thrombolysis (IVT) rates are low, varying between 5.7% and 21.7% of patients admitted for ischemic stroke 26, 27 . Consequently, as the cost-effectiveness of the initial treatment 2,20,21 and PSC for acute stroke care has been reported, it would be logical to invest money in the first steps of the curative treatment, which remains challenging when financial resources may be lacking 28 .
It is difficult to evaluate the long-term financial impact of brain damage. Informal care costs due to disability represent a largely hidden burden on society 18, 19 . Moreover, patients and their families may also have health-related costs following stroke and these are not emphasized in economic studies 29 .
Considering clinical and financial recently reported data [20] [21] [22] , we can argue that it would be logical to perform the endovascular treatment of AIS in regional hospital centres with a stroke unit.
The problem is that as long as mechanical thrombectomy is not scientifically validated, we can express doubts on the medico-economic interest in developing these invasive treatments that would require a very costly initial investment (medical and paramedical training, creation of operative rooms to begin with). Another economic point of view is the absolute necessity of encouraging health policy decision-makers to keep on investing money in primary and secondary prevention. ment of AIS. Economic costs include direct costs which refer to the resources used for the patient's treatment (medication, hospitalization, rehabilitation) and indirect costs which correspond to the loss of productivity, absenteeism and premature death as a long-term consequence of the stroke sequelae 7 . The procedural material cost we determined in this study belongs to the direct cost. We did not take into account other costly parameters such as medical (radiologist, neurologist, anesthesiologist) and paramedical (technician, anesthetist) salaries for example.
A fundamental question could be raised: how much initial supplementary cost should be advanced in an effort to improve the clinical outcome and the long-term indirect cost? More specifically, since the recanalization rate seems to be correlated with the clinical outcome 23 , should neuroradiologists keep on trying to open a vessel whatever the cost of the material used? In our experience the procedures with poor outcomes were more expensive and at the time of this study, we may have used several devices to try and open the vessel, if we could. This raises another question: when should interventional neuroradiologists stop? Procedure time depends on several parameters such as the initial clinical evaluation by the neurologist, the initial imaging, the background and the learning curve of the neuroradiologist for example.
We found that the mean cost of the material used in the operative room was about 5000 euro. At the time the study was conducted (Nov 2009-July 2011), aspiration systems (Penumbra*) were used as first line therapy where stent retrievers are more used. However, the cost difference has little impact on the average cost of the procedure (3509 euro for the aspiration system and 3175 euro for the stent retriever). Direct cost including devices and human procedures -that we did not take into account in this study -was evaluated at 10,502 euro per patient in 2003 in a Spanish center 24 . This direct cost is not negligible when compared to the mean cost of hospitalization and rehabilitation. For example, the average cost per individual has been evaluated at 21,040 euro per year after a stroke in a recent Spanish study 18 . To evaluate the cost-effectiveness of a treatment, we have to take into account the global associated cost of care and loss in health-related quality of life 18 .
Only 14% of acute care hospitals in the US achieved primary stroke center (PSC) designa- tient's long-term quality of life. Randomized trials are urgently required to establish this perceived benefit.
It is our responsibility as health professionals to participate in these trials with the understanding that such studies could lead us to save enormous amounts of money.
Conclusion
Indirect costs remain very high after a stroke. We can assume that an initial costly investment such as endovascular recanalization is justified to decrease the global costs of the condition if there is a substantial improvement in the pa-
